Preliminary measurements of quality factors of monocrystals by Richard, J. P.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19780018001 2020-03-22T02:57:23+00:00Z
40'
6
PRELIMINARY MEASUREMENTS OF QUALITY FACTORS
OF MONOCRYSTALS
(NASA -CR-157211)	 PRELININA6Y MEASUREMENTS	 N78-25944
OF QUALITY FACTCES OF MCNCCFYSTALS (Maryland
Univ.)	 12 E HC A02/Mf A01	 CSCL 2CE
Unclas
G3/76 11570
J.-P. Richard
University of Maryland, College Park, Maryland
June 20, 1978	
1
ff
,
o
j8 5 6
^^2g25Zu?^^6A .
ILL^l.6,
F . V`
UNIVERSITY OF MARYLAND
DEPART MEN I OF PHYSICS AND ASTRONOMY
COLLEGE PARK, MARYLAND
Supported in Part by NASA Crant NSG 5035 	 i
PRELIMINARY MEASUREMENTS OF QUALITY FACTORS
OF MONOCRYSTALS
Abstract
High Q's have been obtained with si;icon and sapphire crystals
on four points mechanical suspensions. Instrumentation has been
developed to observe the approach to thermal equilibrium at cryogenic
temperatures and study thermal noise level and fluctuations. High Q
crystals with low thermal noise level are promising candidates as
high stability time references.
I
INTRODUCTION
Thermal noise is one of the limiting factors in the stability
of mechanical oscillators used as time standards. For this reason,
it is attractive to investigate the noise characteristics of mono-
crystals.
An important feature of such monocrystals is that they are expected
to have very high mechanical quality factors (Q) at cryogenic tempera-
tures and corresponding very low thermal noise (¢1 /Q). It is not
known which mechanism will ultimately limit the Q. Experiments will
indicate what can be achieved with developed techniques of instrumenta-
tion and available monocrystals.
Measurements with a 800g Silicon Crystal
Q measurements have been carried on a 800g 17cm long silicon mono-
crystal produced by the Czochralsky process. Figure 1 illustrates a
possible scheme of instrumentation. The monocrystal is supported on
a four point suspension and instrumented with a microwave cavity.
Figure 2 illustrates the suspension used for the Q measurements described
here. A piezo-electric element was used to drive the crystal in a bend-
ing mode at 11337 hz and to detect the oscillations,
The temperature was varied from 4.2 K to 16 K by changing the
pressure of helium gas surrounding the crystal thus altering the cooling
in the presence of a .fixed residual heat leak in the assembly. 	 The
pressure of helium gas was however always low enough to have a negligible
effect in the Q of the crystal (<5 microns of hg).
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Figure 3 shows the results obtained from 4.2 K to 16 K and a
measurement made at liquid nitrogen temperature. A very rapidly varying
Q is observed around 13 K for the bending mode observed. A similar effect
was observed  for the 19550 hz longitudinal mode of a silicon crystal
an a wire suspension. The similarity of these results which were obtained
with different instrumentation virtually eliminates the possibility that
one is here observing spurious resonances and losses in the suspensions.
Instrumentation for noise measurements
It has not been established yet that monocrvstals will reach thermal
equilibrium within a practical time after being cooled at cryogenic
temperatures. We have developed and instrumented a "center ring" suspension
to be used to study the approach to thermal equilibrium of a 5 feet 15.5 kg.
silicon crystal at 4.2 K. It is shown on figure 4. The sensor is a
small piezo electric crystal mounted on a weakened link between two
"ring supports". If a fat rreamplifier having a noise temperature of
0.2 K is used, a SQ of 20 with optimum matching at 4.2 K would be
adequate to observe fluctuations of -K BT/20 at T = 4.2 K. Smaller
QQ°s would still allow temperature measurements. At present a Q -
93,000,000 and SQ of -1 `gas been achieved at room temperature. SQ is
expected to reach _10 at 4 K with no further improvements.
Measurements with a 4.2 Kg Sapphire monocrystal
Preliminary measurements of the mechanical quality factor of a 4.2 Kg
Sapphire monocrystal have been carried at liquid helium temperatures. The
sapphire was suspended on a four point aluminum suspension and instrumented
1 D. H. Douglas at al., 8th International Conference on General Relativity
and Gravitation, waterloo, Ontario, Canada, August 1977.
I'
with capacitance pick up plates facing the end of the crystal, themselves
it
coated with an aluminum film deposit ( fig. 5). At 4.3 K, the Q measured	 i
402 x 10 6 	at the fundamental mode of the crystal, 18425 hz.
a
4
I°
i^
i•
I`
it Y,dP.Od63siev .,as'su.0 ^.._.:. <...
	 .. a.:
	 ..i^^AN lM'WOLtim.:i4
	 ^rtv:mrM.w
	 ^^.^a...^...	 ww.t'.:ta .L	 ^a:rvu. x..^?in.. 	 ,.. r .-:r^.4m,	 e......e ... ms .. ^[...,.., ^.. •	 ^........._.....
i
^Y
V f
CONCLUSION
Very high Q have been measured for silicon and sapphire monocrystals.
Further investigation is planned to determine their usefulness as cryogenic
time reference.
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